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Abstract 
Hematite crystals of different shapes (dendrites, cubes, spindles and rhombohedra) were obtained via a low cost and 
environment-friendly microwave route. The structure and morphology were characterized by X-ray diffraction (XRD), scanning 
electron microscopy (SEM) and transmission electron microscopy (TEM). At last, a comparative microwave gas sensing study 
was performed to assess the influence of morphology on sensor response. 
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1. Introduction 
Metal oxide gas sensors are among the most widely studied gas sensors. However, most of them are based on a 
conductivity measurement, which implies an operating temperature much greater than room temperature. Thus, that 
kind of sensors presents a rather high power consumption, which substantially limits its usability as a portable 
device, and goes in direct contradiction with any environmental concern [1-3]. Two main strategies to overcome this 
major drawback are the exploration of new transduction methods that may operate at room temperature [4], and the 
optimization of metal oxide structures in order to enhance their sensitivity to a target gas [5].  
 
From this perspective, this work presents a simple shape-control protocol for hematite microwave synthesis, 
allowing the production of different crystal morphologies to be tested as sensitive material for ammonia detection.  
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Four typical morphologies were selected for this work to represent current trends in metal oxide synthesis for gas 
sensing : dendrites as hierarchical fractal structures, rhombohedra as high-index faceted crystals, spindles as one-
dimensional structures, and nanocubes which may be regarded as unusual compared to the rhombohedral lattice 
system of hematite [6]. 
2. Microwave transduction principle 
Electromagnetic wave in the range of microwave is transmitted by a Vector Network Analyzer (VNA) to an 
antenna covered by the sensitive material. Various materials synthesized in thick or thin films are used as active 
layers in such gas-sensing devices, but metal oxides are materials of choice because of their ability to interact with 
gas. The reflection coefficient monitored at each frequency during sensing measurements represents the ratio 
between the incident wave and the wave reflected by the sensor. As a complex number, it features a real and an 
imaginary part. The adsorption of gas molecules on the sensitive material surface will modify the dielectric 
properties of the circuit, and then induce variations in the reflection coefficient [7]. 
 
For each used frequency, the microwave transduction specificity is to offer a real-time monitoring of two 
parameters, namely the real and imaginary parts of the reflection coefficient. Thus, the global response of the sensor 
submitted to a pollutant is a set of variations of two parameters over a wide range of frequencies, and should be 
specific to the pollutant and its interactions with the sensitive layer. Measurements were conducted between 2 and 
10 GHz with a conductor-backed coplanar waveguide (CBCPW) as sensor geometry. 
3. Experimental section 
3.1. Microwave flash synthesis of hematite nanocrystals 
Synthesis were conducted with an original autoclave (RAMO system) associated with a microwave applicator 
[8]. The system is controlled by pressure, which reaches steady state more quickly than temperature. The microwave 
power is adjusted to maintain a constant pressure within the autoclave, consequently maintaining a constant 
temperature. The system is able to reach 1.2 MPa and 200°C. Typically, it is able to raise temperature from ambient 
to 200°C in less than 20 seconds (pressure is close to 1.2 MPa and heating rate is close to seven degrees per second). 
 
Hematite particles were prepared as follows. For cubes synthesis, FeCl3.6H2O (1 mmol) was dissolved in 25 mL 
of distillated water (solution 1), and sealed in the autoclave with an introduced argon pressure of 0.5 MPa. During 
the first step of microwave treatment, a microwave power of 2 kW was applied until a pressure of 1 MPa (180 °C) is 
reached. During the second step, this pressure was held constant by monitoring the microwave power. In all, the 
treatment was applied for 600 seconds. Rhombohedra synthesis was conducted using the same protocol, with a 
mixture of 12.5 mL of aqueous NaH2PO4 solution (0.6 mM) and 12.5 mL of solution 1. Spindles synthesis was 
conducted with a mixture of 12.5 mL of aqueous NaOH solution (0.11 M) and 12.5 mL of solution 1. Finally, 
dendrites synthesis was conducted using the same protocol, with K3[Fe(CN)6] (1.5 mmol) dissolved in 25 mL of 
distillated water (solution 2). 
 
The Table 1 shows the detailed synthesis conditions for each prepared sample. 
     Table 1. Synthesis conditions for hematite particles preparation. 
Hematite shape Precursor Additive 
Dendrites K3[Fe(CN)6] 0.06 M  
Cubes FeCl3 0.04 M  
Rhombohedra FeCl3 0.04 M NaOH 0.11 M 
Spindles FeCl3 0.04 M NaH2PO4 0.6 mM 
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3.2. Microwave gas sensing measurements 
The gas sensing measurements were conducted by mixing an ammonia flow and an argon flow, regulated by two 
mass flow meters (Fig. 1). 
 
 
Fig. 1. Measurement device for gas sensing with microwave transduction 
Exposition to ammonia at 100, 200, 300, 400 and 500 ppm are implemented following the graph presented in Fig. 
1. Several measures were made for each concentration. The response signals are the real and imaginary parts of the 
difference between the reflected coefficient in presence of the pollutant and without pollutant [4,6,9]. 
 
4. Results 
4.1. Hematite nanocrystals 
Hematite crystal of selected morphologies were successfully obtained by microwave flash synthesis, as shown by 
SEM images presented in Fig. 2. Dendritic particles are made of a central trunk (3.5 µm) and two level of sub-
branches ( 1 µm and  250 nm respectively). Spindle-like particles are 700 nm long with an aspect ratio (ratio of 
the lengths of the major and minor axes of the particle) of 10. Well-faceted rhombohedric particles of 80 nm, and 
pseudo-cubic particles of 100 nm are also obtained. All sample have the particularity of being monocrystalline, with 
hematite α-Fe2O3 as the only phase in presence, and propose narrow size distributions, as determined by XRD and 
TEM analysis. 
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Fig. 2. SEM images for (A) dentrites; (B) nanocubes; (C) rhombohedra; (D) spindles 
4.2. Gas sensing measurements 
Fig. 3 shows results obtained with a sensitive layer composed of hematite cubes, respectively the evolution of the 
real part of the reflection coefficient at 6.6 GHz versus ammonia concentration (a), and the evolution of the real part 
of the reflection coefficient at 6.6 GHz versus the evolution of its imaginary counterpart (b). It can be noticed that 
the real vs imaginary part plot exhibits a linear shape, and allows a quantification of ammonia exposure. The 
response monitoring at several frequencies provides access to a specific response of the sensor to ammonia. 
 
 
Fig. 3. (a) Real part of the response versus Ammonia concentration at 6.6 GHz; (b) Real part vs Imaginary part of the response at 6.6 GHz. 
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Results obtained with other particles morphologies will be presented, along with perspectives envisaged to 
enhance the sensor sensitivity, and to develop the theoretical knowledge of the physico-chemical processes involved 
in the microwave sensor response. 
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